The correct identification of Candida species is of great importance, as it presents prognostic and therapeutical significance, allowing an early and appropriate antifungical therapy. The purpose of this study was to identify isolates of Candida spp. from oral mucosa of 38 patients with oral candidosis evaluated in 2004 by phenotypic methods and PCR, discriminating C. albicans from the other Candida species. The tests used for phenotypic analysis were germ-tube and chlamydoconidia production, culture in CHROMAgar™ Candida, carbohydrate assimilation test, growth at 45ºC and culture in Tween 80 agar. 
INTRODUCTION
Human pathogenic yeasts are ubiquitous in the environment (1) , and some species belong to the normal human microbiota (2, 3) . Candida species are usually opportunistic organisms (4) , and oral candidosis ranks high in terms of incidence among the many opportunist infections observed in human immunodeficiency virus (HIV)-infected patients. C. albicans has long been considered the predominant etiologic agent of oral candidosis (26) . Over the last decade, however, there has been an increase in the incidence of candidosis in immunocompromised individuals caused by other Candida species, such as C. glabrata, C. krusei, C. tropicalis and C. parapsilosis (6) . In 1995, C. dubliniensis, which is a species very closely related to C. albicans, was identified in cases of oral candidosis in HIV-infected individuals (28) . It is likely that C. dubliniensis strains have been and will continue to be identified as C. albicans, because both species share similar CHROMagarTM Candida. C. dubliniensis is a species that can rapidly develop resistance to antifungal therapy. Therefore, patients who have received multiple treatments for fungal infections may be at increased risk of harboring C. dubliniensis as the predominant species in their oral cavities (15) . If this ability of C. dubliniensis to develop stable fluconazole resistance in vitro also occurs rapidly in vivo, this may explain, at least in part, its recent emergence as an opportunistic pathogen in the oral cavities of HIV-infected individuals and AIDS patients, who are often treated with this drug (27) .
Research in many laboratories is carried out to develop new drugs or drug delivery systems, but the development of approaches that allows quick and accurate identification of disease-causing yeasts is also necessary, especially because the incidence of human disease caused by the less common Candida species has increased. Thus, the identification of Candida species is very important in the diagnostic laboratory, because such identification shows prognostic and therapeutical significance, allowing the early and correct antifungical therapy (11, 21) .
The purpose of this study was to identify isolates of Candida spp. by phenotypic and genotypic methods, discriminating C.
albicans from other species of Candida. (12) . Patients who have used antifungal drugs were excluded from the sample. All the patients signed an informed consent form to participate in the study, which was approved by the local Ethics Committee.
MATERIAL AND METHODS

Samples
The samples were collected from the oral mucosa with sterile swabs, which were rubbed on the candidosis lesion. All samples were seeded on Sabouraud dextrose agar (SDA, Merck) with chloramphenicol (16 mg/mL, Neo Química). The plates were incubated at 30ºC for 48 h. Each morphological colony isolate was characterized according to Milan and Zaror (21) . Three colonies with characteristics of Candida sp. were inoculated individually in yeast peptone dextrose (YPD, Sigma) broth and incubated at 30ºC for 48 h. After this period, each culture was individually stored at -20ºC with 20%
glycerol. Only one sample of each isolate was used for all characterizations.
Germ-tube test
Yeast cells were inoculated into 0.5 mL of fetal bovine serum and incubated at 37°C for 2.5 h. After this period, aliquots were removed for microscopic examination (25) . 
Chlamydoconidia production test
Chlamydoconidia production test was performed using rice agar medium (10 g rice, 10 g bacteriological agar, and distilled water to a final adjusted volume of 1000 mL) supplemented by 8 mL of Tween 80. The samples previously grown in SDA were seeded as 3 parallel streaks in a rectangular piece of rice agar placed between two slides, incubated in wet chamber (8) at 30°C for 72 h and visualized in an optical microscope (10X and 40X magnification) (10) . The formation of rounded spores with double-wall isolates was observed as chlamydoconidia, and was indicative of C. albicans or C. dubliniensis (22) .
Chromogenic agar culture
Each isolate was cultured on SDA at 30°C for 48 h. After this, they were seeded on CHROMAgarTM Candida 
Carbohydrate assimilation test
The carbohydrate assimilation test determines the ability of a yeast isolate to use a particular carbohydrate substrate as its sole carbon in a medium. Yeasts were cultured in YPD for 24 h at 30°C. After, the cultures were centrifuged for 5 min at 2790 g and the pellets were washed 3 times successively, 
Growth at 45°C
Growth at 45ºC has been considered a useful test for the differentiation of C. dubliniensis (no growth) from C. albicans (growth) (23) . This test was used in the 24 positive samples for the germ-tube test, for chlamydoconidia production and that developed green colonies in CHROMAgarTM.
The temperature test was performed using YPD, Brain Heart infusion (BHI, Merck), SDA and Emmons medium (2% SDA). All samples were incubated at 45ºC, and growth was assessed daily for 10 days.
Tween 80 agar
Tween 80 agar (10 g peptone, 5 g NaCl, 0.1 g CaCl2, 1000 mL distilled water, 5 mL Tween 80, pH 6.8) was used to evaluate the lypolityc activity of the strains (24) . The samples previously cultured in SDA at 30ºC for 24 h, which were indicative of C. albicans or C. dubliniensis, were transferred to Tween 80 agar by softly touching the colony with a sterile swab perpendicularly oriented towards the agar. The cultures were incubated at 30°C and evaluated daily, for 5 days.
Esterase production was evidenced as the presence of a halo around the site of inoculation, observed with transmitted light after 2 to 3 days, being indicative of C. albicans (24) .
Polymerase Chain Reaction (PCR)
The pair of primers (5'TGTTGCTCTCTCGGGGGCGGC CG3' and 5' AGATCATTATGCCAACATCCTAGGTTAAA 3') specific for the amplification of a fragment of the RNAr gene of C. albicans described by Mannarelli and Kurtzman 
RESULTS
A total of 63.2% (24/38) of strains were able to produce germ-tubes. Chlamydoconidia production was observed in 28/38 (73.7%) of the tested strains, and 24/38 (63.2%) showed green colonies in chromogenic medium, indicating C. albicans or C. dubliniensis (Table 1) . To confirm these tests, the carbohydrate assimilation test was used in all 38 strains, and 24/38 (63.2%) were indicative of C. albicans or C. dubliniensis (Table 1) . A total of 8 strains (21%), which were able neither to form germ-tube, neither to produce chlamydoconidia, were identified as C. krusei by CHROMagarTM Candida and carbohydrate assimilation tests. Five strains in 38 (13.2%) were indicative of C. tropicalis by the same tests. Of these 5 strains, 3 were positive for chlamydoconidia (7A, 34A and 44A), but they failed to produce germ-tube or to develop blue colonies in chromogenic agar, being thus incompatible with C. albicans.
These results associated with carbohydrate assimilation tests indicated C. tropicalis as the probable species. One strain (8A)
showed the ability to form germ-tube, and developed green colonies on chromogenic medium, but did not produce chlamydoconidia and was therefore classified as C. albicans.
Moreover, its behavior in the carbohydrate assimilation test was compatible with this species (Table 1) . The phenotypic tests used in this study were not enough to identify strain 41A.
DISCUSSION
The phenotypic methods for the identification of Candida spp., although simple and inexpensive, impose some limitations. These methods are time-consuming and/or more often unable to discriminate C. albicans and C. dubliniensis.
Therefore, the most reliable tests for rapid identification of
Candida spp. and, especially, for differentiation between C.
albicans and C. dubliniensis are based on molecular techniques. In the present study, all strains identified as C.
albicans by PCR produced also germ-tubes. The germ-tube production test has the advantage to be simple and efficient in the economical and fast identification of C. albicans (8, 16 ).
However, some results are liable to subjective interpretation, which makes necessary many repetitions, training and experience to discriminate germ-tube from pseudohyphae (6).
Furthermore, although the germ-tubes cannot be quantified, a large amount is needed in a material to afford a diagnosis of C.
albicans. Some authors evaluated sensitivity and specificity of the germ-tube test, finding results between 93 and 98.8%, and between 73.3 and 100%, respectively (5, 7, 10).
Chlamydoconidia production was observed in 73.7% of strains, with three strains (7A, 34A and 44A) not being identified as C. albicans by other phenotypic tests and PCR.
These three strains developed blue color colonies in chromogenic agar and did not produce germ-tubes, being identified as C. tropicalis, since some strains of this species can produce chlamydoconidia. The production of chlamydoconidia by isolates from C. dubliniensis is unusual, but when produced, chlamydoconidia are observed in abundance and often in triplets or in contiguous pairs, which can also be observed in C.
albicans (28, 29) . The strain 8A showed the ability to form dubliniensis presumptively identified by phenotypic methods were confirmed as C. albicans by PCR using oligonucleotide primers specific for this species. The advantages of PCR include reproducibility, high sample volume throughput (27) , relatively short processing time, high sensitivity and specificity, ability to detect low levels of yeasts from minimal sample volumes (30), ease to perform and it is available to most laboratories (18) . The PCR procedure described here allowed the identification of C. albicans in less than 1 day, using a simple technique for obtaining DNA, using boiling and heating in microwaves, which helps to turn this method inexpensive, as commercial kits for DNA extraction are not necessary.
No single phenotypic test has proven to be highly effective in the distinction between C. albicans and C. dubliniensis, and genotypic tests may be necessary for definitive identification.
The combination of some phenotypic methods can be useful for the presumptive identification of these species, but they would require a pure culture and 3-5 days or longer for a differentiation between C. albicans and C. dubliniensis isolates. Molecular methods can give definitive identification with one-day results and do not need previous cultures. Thus, the diagnostic can be made directly from the material collected from patients, providing valuable information for patient management.
